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Abstract 
Objective: To compare the fluoride release from Conventional Glass Ionomer Cement (GIC), Resin 
Modified GIC (RMGIC), and Cention N Alkasite Material. Material and Methods: Forty- five disc-shaped 
specimens of three different restorative materials (Conventional GIC, RMGIC, and Alkasite material) were 
made and divided into 3 groups (n=15). Fluoride release was evaluated at the end of Day 1, 7, 14, and Day 
28 using fluoride ion-selective electrode. Intergroup and Intra-group analysis was done using One-way 
ANOVA with a Post-hoc test. A p-value of <0.05 was considered statistically significant. Results: Cention 
showed more fluoride release (in parts per million) than GIC and RMGIC at increased time duration. 
However, at the end of day 1, there was lesser fluoride release with Cention, as compared with the other 
groups. Conclusion: The new Alkasite restorative material showed promising results in terms of fluoride 
release and is better than GIC and RMGIC at increased time duration. 
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Introduction 
Fluoride is well documented as an anti-cariogenic agent. There are several mechanisms that play their 
role in the anti-cariogenic capability of fluoride. Glass Ionomer Cement (GIC) is the most widely used and 
critically acclaimed fluoride-releasing restorative material [1]. Conventional GIC is a self-cure restorative 
material that has an advantage of fluoride release and biocompatibility, but its inadequate strength and 
toughness have limited its use in less stress-bearing areas. This limitation arose the need for newer materials 
with fluoride release, which includes packable GIC, compomers, giomers, and various new glass hybrid 
materials [2]. 
Resin modified glass ionomer cement (RMGIC), also called light cure glass ionomer cement was 
developed to overcome some of the disadvantages of conventional GIC. According to various studies, RMGIC 
has more flexural strength when compared to conventional GIC [3]. 
With time, newer and better materials for restoration have evolved, and recently “Alkasite” restorative 
material has been introduced [4]. Alkasite material is comparable to GIC and RMGIC because it has fluoride 
release and is also an aesthetic material; thus, it can be used in aesthetically concerned areas just like the latter 
materials. This material has relatively more translucency when compared to other glass-ionomer products, 
thus achieving better aesthetic properties. Moreover, it has better compressive strength than GIC and 
RMGIC. Therefore, Alkasite material has more diverse uses when compared to its counterparts. An extensive 
review of the literature yielded no documentation on the comparison of the amount of fluoride release from 
Alkasite material with Conventional GIC and RMGIC. 
Hence this study was stemmed to evaluate and compare the amount of Flouride Release from 
Conventional GIC, RMGIC, and a Novel Alkasite material – Cention N at various time intervals. 
 
Material and Methods 
Materials 
The restorative materials were mixed and were divided into the following groups: Group 1: 
Conventional GIC (GC Fuji II, GC America Corp., Alsip, IL, USA); Group 2: RMGIC (GC Fuji II LC, GC 
America Corp., Alsip, IL, USA); and Group 3: Alkasite material (Cention N, Ivoclar Vivadent AG, Zurich, 
Switzerland). 
 
Specimen Preparation 
A total of 45 disc-shaped samples from three different materials were made following the 
manufacturer’s instructions. Conventional GIC sets through self or chemical curing. The material in its plastic 
state was loaded into a brass mold and pressed between two glass slabs with a transparent matrix in between. 
It was finally allowed to set [3]. Similar methodology was adopted for RMGIC and Cention N with an 
additional step of light curing, where the samples were light-cured from the top as well as from the bottom for 
20 seconds using LED light-curing unit (Blue phase, Ivoclar Vivadent AG, Schaan, Liechtenstein) emitting 
blue light with intensity of 1200 Mw/cm² and wavelength of 430-480 nm [5]. 
After the samples were set, they were retrieved from the mold with caution and each sample was 
transferred into individual polyethylene container containing 10 ml of deionized water. [2] 
 
Fluoride Release 
The fluoride release was checked using fluoride ion-selective electrode (Orion 9609BNWP, Ion plus 
Sure-Flow Fluoride, Thermo Scientiﬁc, Waltham, Massachusetts, USA) coupled to a benchtop analyzer (Orion 
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StarTM Series ISE Meter, Thermo Scientiﬁc, Beverly, MA, USA) with detection limit at ± 0.001 ppm, and the 
data was recorded at time intervals of 24 hours, 7 days, 14 days and 28 days. Just before the fluoride ion 
measurement, the stored samples were washed with 1ml of deionized water and then were transferred to a 
clean polyethylene container, containing 10 ml of deionized water. 10 ml of the previous solution from the 
plastic bottle and 1ml used for washing the disc was mixed with an equal amount of total ionic strength 
adjustment buffer. This procedure was repeated for all the samples across different time intervals. Standards 
containing 5 ppm, 10 ppm, and 20 ppm were used for calibration at each testing interval. The results attained 
were expressed as the quantity of fluoride released in parts per million (ppm). 
 
Data Analysis 
All the analysis was done using SPSS version 18. Intergroup analysis was done using One-way 
ANOVA with Post-hoc Tukey test, whereas for intra-group comparison one-way ANOVA with Post-hoc 
Bonferroni test was done. A p-value of <0.05 was considered statistically significant. 
 
Results 
During the inter-group analysis, Group 1 showed the highest level of fluoride release at the end of day 
1, whereas group 3 showed the highest value of fluoride release at all the other time intervals. Group 3 
exhibited significantly less fluoride release (p<0.001) at the end of day 1 when compared to Group 1 and Group 
2 (Table 1). 
 
Table 1. Inter-group analysis for fluoride release at different time intervals. 
Time Interval 
Group 1 Group 2 Group 3 p-value* Post-hoc 
Test Mean (ppm) SD Mean (ppm) SD Mean (ppm) SD  
Day 1 23.674 0.922 20.373 0.782 5.182 0.526 <0.001 1>2>3 
Day 7 19.829 1.095 16.869 0.945 22.687 1.291 <0.001 3>1>2 
Day 14 11.465 0.303 11.633 0.562 21.481 0.975 <0.001 3>1,2 
Day 28 11.239 0.479 10.739 0.479 22.333 1.034 <0.001 3>1,2 
*One Way ANOVA. 
 
Intragroup analysis (Table 2) showed the there is a significant reduction in the level of fluoride release 
from day 1 through day 28. However, Group 3 shows that there is a significant rise in the fluoride level from 
day 1 to day 7, and it does not increase on further days. 
 
Table 2. Intra-group analysis at different time intervals. 
Groups Day Mean SD p-value* 
Group 1 1 23.674 0.922 <0.001 
 7 19.829 1.095  
 14 11.465 .303  
 28 11.239 0.479  
Group 2 1 20.373 0.782 <0.001 
 7 16.869 0.945  
 14 11.633 0.562  
 28 10.739 0.479  
Group 3 1 5.182 0.526 <0.001 
 7 22.687 1.291  
 14 21.481 0.975  
 28 22.333 1.034  
*One Way ANOVA. 
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Discussion 
This study was undertaken to evaluate and compare the amount and pattern of fluoride ion release 
from three different fluoride-releasing restorative materials. The various materials considered in this study are 
indicated for the restoration of a carious tooth in high as well as low-stress bearing areas. 
The role of fluoride in exhibiting anti-cariogenic property and its remineralization potential has been 
discussed in the literature [6]. The filler content and nature of the glass-ionomer hydrogel matrix phase is 
responsible for fluoride release. The powder-liquid ratio of two-phase-systems, mixing procedure, curing time 
and the amount of exposed area as well as the different storage media affect the fluoride release [7]. The 
specimens in the current study were not coated with any adhesives or protective agents from moisture 
contaminants. In vitro, fluoride leached from filling materials coated with an adhesive was reduced by a factor 
1.5–4 [8]. 
Fluoroaluminosilicate glass is the major filler as well as the main source of fluoride release in 
conventional GIC and RMGIC. They have an initial high release of fluoride, which decreases progressively 
with time. However, Conventional GIC exhibited the highest amount of fluoride release compared to RMGIC 
and Alkasite material at the end of day 1. This is in accordance with the previous study [5] where, the GICs 
and RMGIC have high initial fluoride release (≥ 40 µgm/cm2/day), but it declines rapidly with time; gradually 
stabilizes and plateaus within 10-20 days. This is called “burst effect” [9]. 
The burst effect from conventional GIC and RMGIC is probably due to the acid-base reaction. Initial 
superficial rinsing effect may be the cause for burst effect, whereas the plateaued fluoride release after the first 
day may be due to the diffusion of fluoride ion through pores and fracture lines in the cement. In general, the 
amount of fluoride release is directly related to the amount of fluoride already present in the cement [10]. 
There are several factors that influence the fluoride release from restorative materials such as storage 
media, temperature, and contact area of the sample to the storage media and powder/liquid ratio [11]. 
Fluoride release was evaluated from Conventional GIC, RMGIC, and Nano-filled GIC widely in the literature. 
It is observed that there was high initial fluoride release from all the tested material, which justifies the burst 
effect, and Conventional GIC had the maximum fluoride release, which is in partial agreement with this study 
[9,12]. 
In a previous study, the estimated fluoride release from a conventional GIC, RMGIC, compomer and a 
resin composite, which were stored in different media including deionized water, showed that conventional 
GIC was the one with highest fluoride release followed by RMGIC and least was from resin composite which is 
in partial agreement with this study. Kinetic findings demonstrated that the conventional and resin-modified 
glass ionomers had a similar pattern of fluoride release; however, the amount of daily and accumulated fluoride 
release of these materials were different [13]. 
Alkasite material consists of alkaline-fillers, which produces acid-neutralizing ions. In its mixed state, 
the alkaline glass accounts for 24.6% by weight, which is responsible for a substantial amount of fluoride 
release [4]. The current study results indicate that Cention N had significantly low fluoride release at the end 
of day 1 when compared to tested conventional GIC and RMGIC. Whereas, at all the other time intervals, it 
has exhibited a significantly high fluoride release. This shows that Cention N lacks a burst effect but constantly 
releases fluoride over the period. Significantly high release of fluoride over the longer period may be due to a 
higher powder/liquid ratio and also a high amount of alkaline glass in its final state. 
The capacity of remineralization of Cention N and Fuji IX was previously evaluated, and it was found 
that both the materials considerably reduced the demineralization of the enamel in the vicinity of the material 
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when compared to non-ion releasing material. It has been hypothesized that Cention N may clinically inhibit 
caries at restoration margins [14]. 
Storage media influences the amount of fluoride release from the material and includes deionized 
water, artificial saliva, lactic acid, etc. The storage medium used in this study was deionized water. Deionized 
water provides near accurate readings of fluoride release because it has no ions present in it [15]. A higher 
amount of fluoride release has been reported in artificial saliva and the pH-cycling solution, respectively [16]. 
Various methods that have been employed to estimate the amount of fluoride release include 
spectrophotometry, ion chromatography, capillary electrophoresis, and fluoride ion electrode method. This 
method is equally sensitive as the standard electrode method is faster and less technique sensitive. Various 
authors have used this method for fluoride ion estimation [2,5,17]. The only shortcoming of using a selective 
ion electrode method is that it cannot detect the presence of fluoride compounds. 
The release and uptake of fluoride depend not only on the fluoride content but also on the matrices, 
fillers, setting mechanisms, and environmental conditions of the restorative materials [18]. Limited studies are 
seen in the literature, which evaluates and compares the capacity of fluoride recharge in Cention. 
 
Conclusion 
The new alkasite material shows promising results on long-term fluoride release, but it lacks an initial 
burst effect, which limits its antibacterial property after initial placement. 
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